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THE COUPLING PERIODS OF SUBSTITUTED PHENYL=D1IAZO 


COMPOUNDS WITH DIMETHYL ANILINE 


The Problem 


In preparing azo dyes, certain amines are first diazotized 
to give diazo compounds which in turn cen be reacted with some amines 
or hydroxy compounds, usually called coupling components, to give 
respective dye=stuffs. Reactions of the former type are called 
diazotization reactions, and reactions of the latter type are called 
coupling reactions. A typical example of these two types of reactions 
is the preparation of chrysoidine, a yellow mono-azo dye, from phenyl- 
diazonium chloride and phenylene-diamine ; 

Diazotization reaction “On. + Nand, 4 ane) 2s <OONEN +t Natl + 2H,0 


ene ile ae, 
Coupling reaction  <(O-n2wci "<De4, > <>NeN-~ wn, + HEL 


The work of this thesis was carried out to evaluate the 
ease of coupling of a number of substituted phenyl-diazo compounds, 
and thereby to establish a series of these compounds with graded 
coupling periods. Coupling periods can be defined as the time required 


from the beginning to the end of the coupling reactions. 


These coupling periods in specified conditions are usually 
referred to by industrial chemists as the " relative strengths " of 
these diazo compounds. Thus, diazotized mono-nitro and dinitro anilines 
are usually said to be " stronger " diazo compounds than those pre- 
pared from mono-chloro and di-chloro anilines respectively, since 


less time is necessary for the completion ( see p. 7 ) of their 
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coupling reactions. As a matter of fact, the term " relative strengths" 
which expresses the coupling periods of a series of diazo compounds 

is used purely for convenience and for comparison. The strengths of 
diazo compounds are said to be relative, because coupling periods 

vary with the reacting conditions, and fixed conditions must be 


specified for comparative results. 


With the aid of the above statements, it may be understood 
that this investigation will furnish the relative strengths of a 
series of diazo compounds, as measured by their respective coupling 
periods under specified conditions. Future work is planned to study 
the " relative strengths " of some coupling components by determining 
their coupling periods with each of these graded diazo compounds. With 
the pre-determined strength of these latter compounds, we can in turn 


correlate the " relative strengths " of the coupling components. 


The accumulation of data, as obtained by the above procedures, 
will be very valuable in an attempt to determine the mechanism of 
coupling reactions, which have been developed to such an extent that 
mechanisms as previously proposed are no longer found to be adequate 


for satisfactory explanations. 


The present work has been merely the first step in the accu- 


mulation of the necessary datae 
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Historical 


A survery of the literature reveals that systematic estima- | 


tion of the coupling periods of substituted phenyl-diazo compounds 


as planned for the present investigation, has not been carried out by 


any of the previous workers in this field. 


Others investigators have been much interested in measuring coupling 
capacities in terms of their specific reaction rates. ‘thus, Goldschmidt? 
and his associates have measured the rate of formation of methyl 

orange from dimethyl aniline and p-diazo-benzene sulfonic acid. they 
kept the reacting substances at a constant temperature, and withdrew 
aliquot portions at given intervals of time. the amount of unaltered 
diazo compound was measured by the nitrogen evolved, when the golution 


2 has devised a tinctoma- 


was acidified and subsequently heated. Veley 
tic method by which the rate of formation of certain azo compounds can 


be measured by estimating the amount of dye-stuff formed per unit | 


time. 


A more recent contribution on this phase of the problem is 
the investigation as carried out by Conant and Peterson’ . they 

have measured colorimetrically the rate of reaction of five diazotized 
emines with certain phenols and naphthols in buffer solutions of 
constant ionic strength. Over a wide range of concentrations, the 
reaction corresponds to that calculated by the bi=molecular equation. 
Unter the conditions investigated, they have shown that the rate of 
coupling is a simple function of the hydrogen ion activity of the 
buffer solutions. Purely for simplicity they assigned to each pair 


1. Goldschmidt : Ber. 1902, 35, 35354. ) 
2. Veley : JeC.S. 95, 1186, 1969. 
3. Conent and peterson : JeAC.S. 52, 1220, 1950. 
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of diazo and coupling components they investigated certain empirical 


constants as " coupling values " which can be defined as the pH at which 


log K-l. | 


A careful examination of their investigation will however 
reveal the fact that although their conclusions and assignment of 
coupling values are justifiable from the data obtained, it is not 
complete, since it was also observed that coupling was a function of 
the constitution of the reacting components. This latter part of the is 
not thoroughly defined, and at the best, one is led to believe that 
ae rate of reaction of a diazo campound is a function only of the 


nature of the phenols used. 
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Outline of study 


In the present connection, work has been planned to study 
the coupling periods of several diazo compounds with the same coupling 
component in a solution of definite acidity so that results can be 
correlated on a comparative basis. Phenyl=-diazo compounds with differ- 
ent substituent groups have been used; and in order to account for 
the effect of the positions of these different substituent groups, 
isomeric compounds have been chosen for this worke The compounds 
selected for this investigation include diazo derivatives of ortho, 
meta, para, mono-nitro and mono-chloro enilines, as well as the iso- 


meric compounds of di=nitro and di-chloro anilines. 


the coupling periods have been measured by coupling each 
one of these substituted phenyl=-diazo compounds with dimethyl aniline 
as a standard. tthe use of dimethyleniline as a standard coupling 
component is four-fold : First, it can be easily obtained and purified. 
Secondly, it is widely used as a coupling component. ‘thirdly, its 


coupling reactions with substituted phenyl-diazo compounds are practi- 


cally quantitative and are free from complications due to side reactions. 


In the fourth place, the reaction with most diazo compounds proceeds 


readily. 


With regard to the preparation of certain substituted phenyl- 
diazo compounds, special technique must be used, and consequently, two 
separate laboratory procedures have heen employed. Mono-nitro and mono- 
chloro derivatives are rather easily obtained by diazotization of 


their respective amines under ordinary conditions as generally met 
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in cases of this sort; e.g. diazotization with 2 N.HCl and sodium 


nitrite at 5 Ce On the other hand, the diazotization of dinitro-enilines | 


is rather difficult unless effected by concentrated sulfuric acid and 
sodium nitrite, ( nitrosyl-sulfuric acid ) at a temperature slightly 
above room temperature , 30 - 40°C ). Dichloro anilines can be diazo- 
tized with a 20 % solution of HCl and the appropriate amounts of 


sodium nitrite. 


In order to connect up these two separate sub-series, bridge 
compounds such as nitro-chloro-anilines have been used. The latter 
have been diazotized under both conditions, and thereby served as a 
linkage to bind together these two sub-series on a comparative basis. 
Furthermore, in order to eliminate possible errors which might arise 
if comparisons of coupling periods were made with solutions of differ- 
ent acidities, the acidity of these diazo solutions of dichloro and 


dinitro derivatives has been reduced to the same value as that of 


mono=chloro and mono-nitro derivatives, by neutralizing the excess acid 


with appropriate amounts of base, before the coupling reaction was 


started. 


it might also be stated here that excess sodium nitrite 
was used to insure complete diazotization, and it was decomposed by 


the addition of urea before coupling. 


After the amines were diazotized and diazo compounds formed, 
the solutions were clarified by neutral charcoal to eliminate any 
diazo-amino bodies which might be present. then the solutions were 


filtered, made up tw the same volume, same acidity, and coupled with 


miboe bra (9H. & dtiw aoktes itvossE® syse 


ae mil tsa-o <cinth to noits sivto sakb odd brad tecto ent 0 0°83 da. 
\ > r 


& Faw Seer irrn fF 4 . 7 ha+as?* 
Etos oftutiue betvatvaseonce yd besootte 


rsital elf »beay meed ever! sextitne-ciolde-owin on fowe abnveqmoe- 
7 , . oe os - 2 a ah ee: a f 
o r o wrloveart thee owe Pt than ar ot Ps eee » Pd — ; 
af 5eT1Es ISL MB .BMOLT LINIOR AVG tebe box i iosaibh seed evad e 


J ovitatagnoo 2 a0 selise-due owt sgent seddegod baid o¢ eget 


wad F ee hat 
» te bi Y ~~ a ‘ pa . | m Ae ee gins . eo & ' : 
enbitd ,ecitez-dve scvarages owt exzedd qh toemmoe of tebto af} aa 


digit: doliw siorte efdlesoq otenimife o¢ tebt0 at raced 
th lc anoisulos djiw ebam e1sw ebolieq gcifquooe te meee: | 
otoisiolh to anofiufoe oxatbh ogedt to ysibtos edt g2e dibs iis Sa 
afy se euvley owse ef? ot Seoubex need sad aevivarited onints 


ffeidwen yd ,seviterizeb ott iowomom Bre eroliie~orom S 


aw goisese: sailquoes sit e1reted .saad to sdrigom oda keqaiitee addy 


Et L008 eseoxe Jans sient Setede ed osla Aline o2 | 
1 


oseogmooeh saw JE bas ,noivasitozalb eselamwoo erent o¢ heer eg < | 


i 


exci fawoo eioted sow te mobtthba eft 


ohrwogmos oseib bee besftessib evew eontime ot Toda < 


rm otanintle ot Iscotade Lewsen yd beltivelo orem — outs | 


a known excess ( 5 % ) of dimethyl aniline at a constant temperature 
( 25°C )e Excess dimethyl aniline was used to insure complete coupling, 
and since equal amounts of excess were added in different baths, the 


relative coupling periods would remain constant. 


she progress of the coupling reaction was easily followed 
by spotting the solution from time to time on a piece of filter paper, 
wetted with a solution of alkaline H-acid. As long as any diazo com- 
pound was present, an immediate red coloration appeared at the juncture 
of the two solutions. At the end of the reaction, when all of the 


diazo cumpound had been coupled, no color was obtained. 


The sensitivity of alkaline H-acid as an indicator for 
diazo compounds has been estimated. A standard solution of 0.05 N. 
p-diazo -benzene sulfonic acid was prepared. On continual dilution 
and subsequent tests with alkaline H-acid, it was finally shown that 
alkaline H-acid was sensitive to the diazo compound for .002 g. in 
500 mls. of solvent. ishis corresponds to one part of dia,o compound 
to 250,000 parts of solvent; or, in other words, the end points as rea- 
ched by alkaline H-acid represented at least 99.996 % of the total 


extent of coupling reactionse 


she coupling periods have been recorded as the time from 


the beginning to the end of the coupling reactions. 


eiiitaquma tueteance a ta entiiaas iydtembe to £ x e ye 
emttiquos stel{qaos sitvent of bear saw ontitas Retin 
edt .,2ided tne tel2 ib ni bebbe e1]9w 4 to. adnuome 
otnstanoo Laas b Decl shotaes 


P \-iha 
 - : 


hewolfot yfliese saw acitosst anfIquoo ent Yo 28eTROTg en, May 
ereceg ts¢Lit to soekg #« no omit ot embe most motdsice end 


~mco oseib yas ea 2tol ah .blea~H oniladie Yo motdwfoe & tie be 
eutoast edd ta beiseqcs aoitstoloo hex etaibesmt aa stnenerg awe Boog 
ort ‘to Ife medw .xottose1 odd Yo hoe eft th seaolduion ont ods te 7 


-bentatdo sew roles « of ,befgueo need bad Euwrognve osatb ath Ps 


"ot toteothrt ns sa Sloe= sutietle to yividienes off aiid + 


ek GO.U to moltvuloes biabaate A .betamiies need sar a cy 
noftulth Lauxtinos m0 .betsqetq ssw bios olnotine onennod= 
vast owore ylientt caw 3t .btos=H ent leila dsiw atees 


mi »2 SOU. wt bSavocemos osalS oft ot evidianen saw bios oaBtatta 
binrogaos Oo sth to d1eq emo ot eshuoceetreo effty .dnewloe to sete 008 
“ss en atnieg bre edd ,abiow torte at .,1to s¢revio€g YW adieg 000,085 ot : 

istct ofS to R 880.08 tenet ta betneseitge: blos-H ontisiia yd Sede - 


a + 


280! cnet ee taetxe ~~ 


mort exis srt ae bebtoos1 need eved abotteq aa ars Ee 


anos: toga: smifqzes edd Yo be ont oF = 


Experimental 


) Preparation and rurification of substituted Anilines | 


The author wishes to express his appreciation of the fact 
that all of’ the amines under investigation were generously supplied 
by the E.I.du Pont de Nemours & Co. Since some of the compounds were 
technical products, purifications were made in each case by either 
recrystallization or fractionation until definite melting points or 


boiling points were obtained. 


Mono=-nitro anilines were recrystallized from alcohol. The 


following constants were obtained : o-nitro-aniline M.P. 71.5 - 72 Ges | 


m=-nitro-aniline MeP. 1136 °< 114 ¢., ponitro-aniline MPs 145 - 146 C. ! 


o-chloro and m=-chloro anilines were purified by fractionation; 
while pechloro-aniline was recrystallized from hot water. The constants 
were : o-chloro-aniline B.P. 210°- 211° C., m-chloro-aniline B.P. 230- 


231° C., p-chloro-sniline MeP. 23005 = 231.C. 


Chloro=nitro-anilines were recrystallized from alcohol. ihe 


constants were : o-nitro-p-chloro-aniline M.P. 114.5 °- 16 e., p-nitro= 


o-chloro-aniline M.eP. 104 = 104.2°C. 


2,4-dinivro-aniline was recrystallized from alcohol. The 


M.P. was 187.5 - 188°C. 


) Dichloro-enilines were recrystallized from ligroin. The 


following constants were obtained : 2,4-dichloro-aniline M.P. 63°= 6362 Ge, 


3,4=-dichloro-aniline MeP. 71 = 72°C. 
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A Review of Some Preliminary Experiments 


) - Effect of Stirring | 


In order to estimate approximately the effect of stirring 
upon the coupling periods, three stirrers of varying speed were set 
upe With these, three samples of o-nitro-aniline were diazotized and 
coupled to equal amounts of dimethyl aniline according to procedure I 


( cf. pe 1% ). As the following results showed ( Table I ), 


Table I / 


Effect of Stirring upon the Coupling Period of o-Nitro-Phenyl- 
dieazo Chloride with Dimethyl aniline. | 


Note : 0.1 mole of o-nitro aniline was diazotized with 200 mls. water, 
128.2 mls. 1.95°HC1 (== 0.25 mole ) and 0.1 mole of Na N@5 | 
dissolved in 50 mls.water. The resulting diazo compound was / 
coupled to 0.105 mole of dimethyl aniline at 23°- 25°C. 


Quick Stirring Medium Stirring Slow Stirring _ 
(about 500 Re Pell ) (about 200 RePeMe ) apou Re Pel. ) 


Coupling Period 1 hr. 1 hre 20 mins. 2 hrs. 


the speed of stirring in diazotization and coupling needed careful 

control, because it effected the respective coupling periods and was 
important from the point of view of occlusion of solid dye=stuff formed | 
in the coupling baths. For later experiments, adjustments have been 


made so that the speed of stirring in various baths was 300 RPM, 


with a deviation ofi5 RPM. 
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2 Effect of Temperature 


This effect was observed when two series of runs were carried 


out in different room temperatures. Table II shows the Coupling periods 


at these two temperature. | 


Table II 


Effect of Temperature upon the Coupling Periods of substituted 
Phenyl-diazo Compounds with Dimethyl aniline. | 


Note : O.l mole of amine was diazotized with 200 mls. water, 128.2 mls. 

——— -1695"HC1 ( = 0.25 mole ) and 0.1 mole of NaNO, dissolved in 
50 mls. water. The resulting diazo sowlution was not filtered, 
but coupled to 02105 mole of dimethyl aniline . 


Coupling Periods 


Temp. 252505 Ce Temp. 17°-18°C. 
o-nitro-phenyl-diazo-chloride 50 mins. 3 hrs. 
m-nitro-phenyl-diazo-chloride 2 hrse 15 mins. 5 hrse 10 mins. 
p-nitro-phenyl-diazo-chloride 3S hrs. 35 mins. 6 hrse 20 minse 


The effect of temperature upon the coupling reactions was 


tremendous. Evidently, when the temperature was decreased, the coupling 


periods were greatly lengthened. For later determinations, a water=-bath 
has been used to keep the temperature of the coupling bath as near 25°C. 
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3 Effect of the Amount of Acid Present in the Coupling Bath 


It is a common knowledge that reaction velocity varies with 


medium. This comparison of the amount of acid present in the coupling | 


bath was carried out to estimate the effect of the varying acidities. 


Table III shows some of the comparisons at 20°C. 


Table III 


Effect of the Amount of Acid Present upon the Coupling Periods 
of substituted Phenyl-diazo Compounds with Dimethyl ier 


Note : In each case, 0.1 mole of amine was used, appropriate amounts 
of HCl added, and diazotized with 0.1 mole of NaNO. dissolved 
in 50 mls. water. The diazo solution was not filtered. 


Coupled to 0.105 mole of dimethyl aniline as usual. Temp 20°C. 


Volume constant = 500 mils. 


Acidity I Acidity II 
128.2 mls. 1.95 N HCl 256.4 cc. 1,95 N.H61 
( <- 0.25 mole ) <= 0.50 mole ) 
m-nitro-phenyl-diazo chloride 2 hrse 15 mins. 2 hrse 50 mins. 
p-nitro-phenyl-diazo~chloride 4 hrs. 40 mins. 4 hrs. 45 mins. 


The variation of the amount of acid present was thus shown 


to produce but a very slight effect on the length of the coupling periods. 
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4. Effect of Different Dilutions of the Same Amount of Acid Present 
—————— sk hhh CC OSSS—C—SCS 
Another series of experiments was carried out to estimate 
the dilution factor of the amount of acid present. From Table IV., as 
shown below, the results indicated that a moderate change in the 
dilution of the acid produced but a very slight change in the length 


of the coupling period. 


Table IV. 


Effect of Different Dilutions of the Same Amount of Acid Pre- 
sent upon the Coupling Periods of substituted Phenyl-diazo 
Compounds with Dimethyl aniline. 


Note: In each case, Ocol mole of amine was diazotized with 200 mls. 
~~~ water, 128.2 mls. 1695 NeHCl (= 0.25 mole), and oel mole 
NaNO, dissolved in 50wls. water. The resulting diazo solutions 
were not filtered, but the volumes were made up according to 
the fiilowing dilutions. Coupled to 0.105 mole of Dimethyl 


aniline as ususl. Tempe 20°C. Amount of acid constant. 


| 

Dilution I Dilution II | 

Vol. before Coupling Vol. ara couplin 

500 mise O mls. 
m=nitro-phenyl-diazo chloride 2 hrs. 15 mins. 2 hrse 20 minse 
ponitro-phenyl-diazo chloride 4 hrs. 40 mins. 4 hrs. 50 minse 
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5. Effect of Diazo-amino Compound Formation during diazotization 


As we generally know, diazo-compounds when they are first 
diazotized will react with the undiazotized amines to form diazo-amino 
compounds as side=-products; thus 

RNoCl + RNHQ == R-N:N-NH-R + HCl 
Since it has been the aim of this work to measure the coupling periods 
of diazo compounds, and not the side product, the formation of such 
diazo-amino compounds would effect the percentage yield of the actual 
diazo compounds, and hence the coupling periods of these latter 
compounds with dimethyl aniline would also be affected. For this 
reason, it was planned right at the start to carry out these coupling 
reactions in a fairly strong acidic medium, in which this side-reaction 
can be eliminated to a great extent, because it is reversible, end 


the reverse reaction is favored in a more strongly acid medium. 


Although due consideration had been taken of the factors 
already discussed, some preliminary runs did not check with each other. 
It was natural, then, to study the extent of this side-reaction and 


also the effect of the presence of the diazo-amino compound on the 


coupling period. 


After repeated determinations, it was finally observed that 
during the diazotization, a small amount of diazo-amino compound was 
formed. In these cases, some floculent precipitate appeared after 
diazotization. In the case of m-nitro-miline, this precipitate was 
filtered off and completely washed. A very small portion of it was 


dried carefully ( dry diazo-amino compound is also explosive ) and 
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the melting point taken. The melting point was 160 “163°C, showing 

that the precipitate after diazotization was a mixture of undiazotized | 
m-nitro-aniline ( pure m-nitro-eniline M.P. 114°C ) and the correspond- | 
ing diazo-amino compound ( pure Conese nt 5° M.P. 194). The diazo- 
amino compound was obtained by extracting the precipitate with acetone 
and subsequent precipitation with water. It was purified by redissolv- 
ing in acetone and precipitation with water. The product obtained 

had the melting point 193°= 194.C. 0m the other hand, the residue 
after acetone extraction contained some impurities together with a trace 
of undiazotized m-nitro-aniline, which was obtained by extracting the | 
residue with alcohol and subsequent precipitation with water. It was | 


also purified by redissolving in alcohol and precipitation with water. 


The product had the melting point 113 - 114°¢. 


It might also be stated here that the precipitates formed 
in solution after diazotization were first suspected to contain also 
some of the diazo compound.But it was shown that the precipitates, 


after complete washing, did not give a color test with H-acid. This ] 


indicated very clearly that they were free from diazo compounds. 


All diazo compounds are soluble in water, with the exception of those 


amines which have sulphonic acid groups as substituents. 


Since the amounts of these diazo-amino bodies were small, 
the next logical step to be taken was to ascertain whether or not the 


presence of them would effect the coupling periods of the normal diazo 


compounds. In Table V., two cases were set up. In one case, the amines 
was diazotized and coupled to dimethyl aniline in accordance with the 


procedure as taken in previous experiments. In another, the amine was 
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diazotized as usual, but the diazo solution was clarified with charcoal 


as an adsorbing agent and filtered; then the filtered solution was 


used for coupling with dimethyl aniline. 


Table V. 


Effect of Diazo-amino compound Formation upon the Coupling 
Periods of substituted Phenyl-diazo Compounds with | 
Dimethyl aniline. 
Note : In each case, 0.1 mole amine was diazotized with 200 mls. water 
128.2 mls. of 1.95 N.HCl (==—0.25 mole ) and 0.1 mole NaN0Ooe 
dissolved in 50 mls. water. In case I, the diazo solution was 
coupled to Dimethyl aniline as usval. In case II, the diazo 
solution was clarified with neutral charcoal and filtered; 
then the filtered solution was coupled with Dimethyl aniline. 


Unfiltered diazo solu.e filtered diaz so 
o-nitro-phenyl diazo chloride 50 mins. 35 mins. 
m=-nitro=-phenyl-diazo chloride 2 hrse 15 mins. 2 hrse 
p-nitro-phenyl-diazo chloride 3 hrse 35 mins. 2 hrs. 30 sie 


An inspection of the above coupling periods at once reveals 
that the presence of diazo-amino bodies lengthened the coupling periods © 
of diazo compounds, and they should be filtered off with neutral char- 


coal. This consideration wes neglected in previous rus. 
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6. Technique Involved in Diazotizing the Amines 


In considering the diazo-amino compound formation in coupling 


baths, we can say that it was due to the incompleteness of diazotization. 
| 
And since the amines were not completely diazotized, a very small per- 
centage of them must be unconverted which reacted subsequently with the 


already transformed diazo compounds to form diazo-amino bodies. 


Later determinations were carried out with the use of excess 


NaNO. ( 0.102 mole of NaNOs to 0.1 mole of amine ). This was to insure 
that all of the amine was diazotized. Excess nitrite in the diazo 
solution was later removed by adding a concentrated solution of urea, 
one drop at a time until no trace of nitrous acid could be detected 
by KI-starch papere The use of urea to remove the nitrite in excess 


was in accordance with the following equation : 


2 HONO + ocCh2 —» 2p + CO, + 3 H,0 


The diazo solution was not @ffected during the above process, and 


could be coupled with dimethyl miline as usual. 


In the opinion of the writer, proper conditions of diazotiza- 
tion, even with the use of excess sodium nitrite, can only be attained 


through training and long practice. 


It has been stated that the formation of diazo-amino compounds | 


as side=products in minor quantities was due to the incompleteness of | 


diazotization. In order to decrease the extent of diazo-amino compounds 


formation and to increase the yield of diazo compound, it was decided 


to have an excess sodium nitrite in the solution at all times during 
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the diazotization. Perhaps an example will make this clearer. In the 
diazotization of mono-nitro anilines, the amines absorb the nitrite 
solution rather readily at the beginning so that about 80 % of the 
latter should be added immediately. Toward the end of the diazotization, 
however, the nitrite solution was added slowly. The presence of free 


nitrous acid can be easily traced with KI-starch paper. 


Since loss may be incurred by incomplete diazotization and 
filtration with neutral charcoal, a method was devised by which the 
diazo solution could be analyzed. This was done by coupling the diazo 
solution to a known excess of dimethyl aniline as usual, and back 
titrating the unreacted dimethyl aniline in a sodium acetate medium 
with a standard solution of p=sulphonic phenyl-diazo chloride. Since 
the coupling reactions between dimethyl aniline end the diazo compounds 
concerned are quantitative, the amount of dimethyl aniiine obtained in 
back titration as compared with the initial excess would furnish data 
necessary to calmlate the percentage yield of the diazo compounds 


during the process of diazotization. 


Since the back titrations showed a consistently high yield 
“( over 90 % ) of the diazo compounds in all cases, the coupling periods 


recorded were then assumed to be acceptable on a comparative basis. 
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Final Procedure developed from Preliminary Experiments 


It should be realized that those factors as outlined above 
were investigated one at a time.Hence, the results as tabulated in 
different tables up to this point were only justifiable from the point 
of view of their separate effects. They were in no way to indicate 
that represented the actual coupling periods of diazo compounds as 

can be correlated ona comparative basis. The final procedure was 


developed from a consideration of the above factors. 


I. For easily diam tized amines, including mono-nitro and mono-chloro 
aniline. 


Typical Procedure 


O.1 mole of p-nitro-aniline , together with 200 mls. of water 
and 128.2 mls. 1.95 N HCl ( >= 0.25 mole),was stirred for a few minutes 
at 25°C. Then the solution was cooled with ice to 5-10. 04102 mole 
of NaNOQy dissolved in 50 mls. of water was added to the above solution 
rapidly at first -- about 80 % at once; while the remainder was added 
in more slowly , an excess of nitrite being always kept present as 

shown by a blue coloration on KI-starch paper. The excess was maintained 
for at least 15 minutes after all the nitrite was added. An instaneous 
blue color appeared if excess nitrite was present. Temperature 5-10. 
Five grams of neutral charcoal were added for clarification, and the 
solution filtered. If any excess nitrous acid was present ( as Most of 
all cases did ) , it was decomposed by adding a fairly concentrated 
solution of urea, one drop at a time, until the end point was reached 


blue 
when an instantaneous test with KI-starch paper was no longer obtained. 
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( most diazo compounds developed a faint violet color with Ki-starch ). 


Then the diazo solution was diluted to about 500 mlse, and the tempera- | 


ture raised to 25 C. The coupling reaction was carried out by adding 
from 2 burette all at once a definite volume of dimethyl aniline 
corresponding to 0.105 mole. Efficient stirring at a constant speed 

( 300 R.P.M. ) was kept at all times during the coupling reaction, 
which was continued at 25°C. until no further positive test for diazo 


compound was obtained,when spotted with alkaline H-acid solution. 


A positive test was a red coloration at the juncture of the two solutions 


when they were spotted on a piece of filter paper. On the other hand, 
an excess of dimethyl aniline was shown to be present, as a brownish 
color appeared at the rim of the spot when touched with a solution of 
p-nitro-phenyl-diazo chloride. The coupling period ( in time ) as from 


the beginning to the end of the coupling reaction was measured. 


After the coupling reaction was finished , the unreacted 
dimethyl aniline was back titrated with a .05 N. solution of p-sulphonic 
phenyl-diazo chloride. The yield of the diazo compound which actually 


coupled was then calculated. 
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II. For amines which are difficult to be diazotized 


&@ For dinitro-anilines, using concentrated sulfuric acid. 


Typical Procedure 


0.102 mole of NaNO, was added slowly to 80-mls. of cone .H2S04, 


stirrig continuously. Temperature about 30 C. The solution was heated 
up to 60 C, and cooled back to 30 C. ( this process was to make nitro- 
syl-sulfuric acid). 0.1 mole of 2,4-dinitro-aniline was then added 
to the solution. Stirred for 3 hrs. at 30-40°C. At the end of thet 
time, the solution was poured on to 80 grams of ice. Five grams of 
neutral charcoal were added, while stirring, and the solution filtered. 
Surrounded with ice, the filtrate was neutralized with an appropriate 
amount of caustic soda ( in a conc. solution ) in order to reduce it 
to the right acidity. Any Ne,SO, that was precipitated was filtered 
and thoroughly washed. The solution was then made up to one liter. 
Any excess nitrous acid present was decomposed by urea solution as 
usualz, and the temperature raised to 25°C. The coupling reaction 
was carried out by adding all at once from a burette a volume of 
dimethyl aniline corresponding to 0.105 mole. The coupling reaction 
was continued with stirring at 25°C. until a negative test for diazo 
compound was obtained with alkaline H-acid. The coupling period (in 
time) as from the beginning to the end of the couplig reaction was 
measured. 

After the coupling reaction was completed, the unreacted 
dimethyl aniline was back titrated with a 0.05 Ne. solution of p-sulpho- 
nic phenyl-diazo chloride. The yield of the diazo compound which 


actually coupled was then calculated. 
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b. For Dichloro-anilines, using 20 % hydrochloric acid. 
Typical Procedure 


Ol mole of 2,4-dichloro-aniline was broken up into fine 
particles by screening through a 20-mesh sieve, and added to 20 % solu- 
tion of HCl. The nixtore was heated to 75°C for one end half-hour. 
Cooled, with stirring, to 30°C, and added ice until temperature was 
below 10°C. The solution was diazotized by adding slowly 0.102 mole 
of NaNOg2 , which was dissolved in 50 mls. of water. The resulting 
diazo solution was pale yellow, clarified with charcoal, and filtered. 
Any excess nitrous acid present was decomposed by ura solution. The 
diazo solution was finally made up to 500 mls. The coupling reaction 
was carried out as usual by adding all at once 0.105 mole of dimethyl- 
aniline. The coupling reaction was continued with stirring at 25°C. 
until a negative test for diazo compound was obtained with alkeline 
H-acid. The coupling period ( in time ) as from the beginning to the 
end of the coupling reaction was recorded. 

After the coupling reaction was completed, the unreacted 
dimethyl aniline was back titrated with a 0.05 Ne solution of p=-sulpho- 
nic phenyl-diazo chloride. The yield of the diazo compound which 
actually coupled was calculated. 

Note: The acidity of this procedure for dichloro-anilines 
was the same as Procedure I, only a more concentrated solution of HCl 
was used. The results were drectly comparable to those mono-nitro and 
mono-chloro anilines as carried out with Procedure I, end no neutrali- 


zation with caustic soda was necessary. 


i :* 
, 
i 
H 
wo Dery 
ws 
M 
=F 
- 
=AA 


hbios otrtofdoorbyd & OS anters sortites-or108. 
oh) aac ewin s ate  M Nant Wie ne ee pe nn 


. = f., 
iG 
rar 
- ‘ _— a 
x 
. ~ 
Axa" 
5 


anth to efom 80f£,0 sono $8 [fe yntbis yd Leven ae tyro Seistss bel 7 A 


+- 
ee 
s¢ r 
Pf ' 
aber ~ 


: 
oF 3 
+a « 

~W Se ~ 


r By 

to ufos bedaidesonos etan « yino ,T eubeooyd 23 emse as’ con 
= ; *; - S t } a 
oitgia-odom saedt oF sidatacmoe yitootb e1rew etivest eft “sbeaw a A 


yf o¢ bebbe bae ,Svele deen-OS 2 ipvotds garmeetoe we éiYeres 
fad bas ero tot 2 GY of bedact caw erugxi ed? oie to faa 


. cS ae : , rays 
itoefos atu vd beacqsrooed saw groeeTc DiIpe8 evots ta had 


cinmized ott moxt ua ( emit af ) bolteq gatiguzoo sit Shea 


ep-o1oldotb «sot exubeoorg aids to yiibies edt 2070 ; . 


} -4t 
_— One : 7 
roumes Lido eof bebbs Sue .0 0€ oF ~sohisite Aviv beloow _ 


vwIwofe witbba vd bestiessib asw notdufoa ont 2 "OF weed 


itfasoo ofT wafm 003 o¢ qu eham yilen?t saw noksufes os ‘ie 
anftstite cttw besattnos aew moitoset satiquoe eT ow oone L Faas 


tw beatetdo eaw Brwoqmoo osalb 102 teed evisagen Ss Cttar ‘cur 


-bebiooce: asw cofsoset aniigues ont to bm 
uv odt .betefqmoo caw noltose: 3atiquee add tests We m 


= : . a - es - a4 GF = * « es “Te 
noituLoe elf 60.0 2 tdiw botettic ford saw enti ize fyitemtbh 


iJ 
basoquos of2th edt to blety edT .ebiroldo osefh-Iyrenq say 


obé ta [ & rolso Bar ques ani 


< bae .I sivbeoord diiv tvo bettiso as eentifas etalon | a 
-viseseoon caw Sbhos olvepeo ddbe 0 


Tabulated Data ;: 


The following ( Table VI. ) summbarizes the coupling periods | 
of some substituted phenyl diazo compounds with dimethyl-aniline. Due 
consideration has been made for the different factors as outlined in 


the preliminary worke 


Table VI | 


Coupling Periods of Substituted Phenyl-diazo Compounds with Dimethylaniline 


| 
Substituted Phenyl- Coupling Periods % yield of Specifications 
diazo compounds diazo cpd. | 
from back 
titration 
ch >me1 ~- ~------~-----238 hrs. -----98 %- --- --# Procedure I | 
yeni --- - -~----- --120 hrs. - - we # Procedure I _ 
Symes I == -- -- =-- - 55 hrs. - - - -97 %- - - -- # Procedure I _ 
e 
= 3) 
3 a¢{_>ns<t --------]4 hrs. 10 mins.- - - 94% * Procedure oa 
sf 
* of >-mcr ------- 14 hrse - : 93 &% - * Procedure IIb 
° 
| 
= eee =. £ Bree 30 Wins. - — .95 % * Procedure I 
vv 
s yo 
~~ -——- 2 BFBe 95 % * Procedure I 
No, 
by ee 2 45 minse-- 96 % * Procedure IIb 
S ee tae ~- 34 mins. 90 % ~* Procedure I | 
pe ag Rett 31 mins. 95 % * Procedure IIa 
Ne, 
pe age 30 mins. 89 % * Procedure_I 
cr S"nyose.on 29 mins. 96 % . * Procedure Ila 
aS n084, on ait 20 mins. 93 % * Procedure Ila 
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# result of one trial. ] 


* result of two trials. 
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Discussion of Results 


An examination of the results as summarized in Table VI. 


will at once reveal that the coupling periods of substituted phenyl- 
diazo compounds under identical conditions are functions of their con- 
stitution. The dominant factors are the nature and position of the 


substituted groups. 


From the diazo compounds included in this work, the nitro | 
group have been observed to impart to their respective diazo compounds | 
greater coupling strength than chloro groups. Thus, the diazo deriva- | 
tives of the mono-nitro anilines have shorter coupling periods than | 
those of mono-chloro and di=chloro anilines. Even those derivatives of 


| 
. J 4 “ . 
chloro-nitroanilines, in which a nitro group is present along with | 


& chloro group, the coupling periods were greatly shortened. In this 
connection, it would also be interesting to note that the influence | 
of the nitro group is so overwhelming that the effect of chloro-group 

is neglible. This can be seen very clearly by comparing the coupling 
periods of the following three compounds : 2,4-dichloro-phenyl-diazo- 


chloride 


chloride 14 hrs.e, o-nitro-phenyl-diazo 45 mins. ,o-nitro-p-chloro-phenyl- | 


diazo chloride 30 mins.. Apparently, the substitution of @® nitro group 
instead of a chloro group in the ortho position of 2,4-dichloro-phenyl- 


diazo chloride as in the case of o-nitro=-p-chloro-phenyl-diazo chloride | 
has greatly decreased the coupling period from 14 hrs. to 30 mins. | 
é | 
With regard tothe influence exerted by the different positions 


of these substituent groups in phenyl-diazo compounds, irregularities 


have been observed. In the series of mono-chloro-phenyl-diazo chlorides, 


| 


the order of increasing strength as observed was p-chloro, o-chloro, / 
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m-chloro-. In the series of dichloro-anilines, the difference of 
coupling periods as caused by varying positions was so neglibly small 
as cannot be profitably stated. In the series of mono-nitro-phenyl- 
diazo chlorides, the order of increasing strength was p-nitro, m-nitro, 
o-nitro. In the series of chloro-nitro-phenyl-diazo chlorides, the 
difference due to positions of substituent groups was also smell; but 
there was an indication that the o-nitro-p-chloro-phenyl-diazo chloride 
was a little stronger than p-nitro-o-chloro-phenyl-diazo chloride. 
Di-nitro=-phenyl-diazo compound was the strongest of all the above 


compounds. 
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Summary 


/ 
/ 
1. Several experimental factors influencing the coupling periods of | 
| 
phenyl-diazo compounds have been carefully investigated ; | 


ae Stirring -- An increase in speed of stirring brought about faster 


coupling. | 
be. Temperature -- An increase in temperature hastened the coupling | 
reactione « 

Amount of acid present in the coupling bath -- The amount of acid 
present in the coupling bath has caused only @® small difference | 
in the coupling periods 

Dilution of the same amount of acid Present -- A moderate change 
in the dilution of the acid produced but a very slight change in 
the length of the coupling period. 

Diazo-amino compound formation during diazotization -- The diazo- 
amino formation during diazotization interféred with the coupling 
periods, and was eliminated by filtering the diazo solution with 
neutral charcoal. | 
Technique in diazotizing the amines -- The technique of proper 
diazotization was attained through training and long practice. | 
The essentials were stated. | 
| 


After taking the above factors intoconsideration, the coupling periods 


of 11 substituted phenyl-diazo compounds with dimethyl aniline were 

/ 
| 
measured by using alkaline H-acid as an indicator. / 


" relative 


These coupling periods arranged in gradation gave the 
strength of coupling " of these substituted phenyl-diazo compounds. 


4. The coupling periods of substituted phenyl-diazo compounds as 
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carried out in identical conditions were found to be functions of 
their constitution. And the dominant constitutional factors were 
the nature and position of the substituent groups in their res- 
pective compounds. 

Within the scope of this investigation, nitro groups were found 
to impart greater coupling strength to diazo compounds than chloro 


groupse 


With regard to the effect of different positions as occupied by 


the substituent groups,irregularities in coupling periods were 


observed. 
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